Function of discoidin domain receptor I in HGF-induced branching tubulogenesis of MDCK cells in collagen gel.
Discoidin domain receptor I (DDR1) is a receptor tyrosine kinase (RTK) and serves as the receptor for collagen in addition to integrins. It has been well established that Madin-Darby canine kidney (MDCK) cells develop branching tubules in three-dimensional collagen gel in the presence of hepatocyte growth factor (HGF). MDCK cells normally express DDR1. However, the function of DDR1 in this in vitro model system has not been understood. We established stable-transfected MDCK cells harboring DDR1a, DDR1b, or dominant-negative (DN) DDR1 and cultured these transfectants in collagen gel with HGF (2 ng/ml) for the studies of branching tubule morphogenesis. Whether DDR1 played roles in cell growth, apoptosis, and migration was examined. We found that cells over-expressing DDR1a and DDR1b developed shorter tubules with fewer branches in collagen gel. In contrast, DN DDR1 over-expressed cells could not form tubule structure, but instead developed mostly cell aggregates with multiple long extended processes. Over-expression of DDR1a and 1b in MDCK cells resulted in reduction of cell growth when cells were cultured on collagen gel-coated dishes or collagen gel. On the other hand, DN DDR1 enhanced cell death on collagen gel, suggesting that DDR1 is involved in maintenance of cell survival. Moreover, over-expression of DDR1a and DDR1b markedly reduced collagen-induced migration capability, whereas DN DDR1 enhanced it, suggesting that DDR1a and 1b may serve as a negative regulator for alpha2beta1 integrin during migration on collagen substratum. These results indicate that DDR1 plays important role in regulation of HGF-induced branching tubulogenesis by modulating cell proliferation, survival, and cell migration.